Backgrounds/Aims: With recent advances in pancreatic surgery, pancreaticoduodenectomy (PD) has become increasingly safe. However, pancreatic leakage is still one of the leading postoperative complications. An accurate prediction model for pancreatic leakage after PD can be helpful for pancreas surgeons. The aim of this study was to provide a new model that was simple and useful with high accuracy for predicting pancreatic leakage after PD. Methods: To predict the occurrence of pancreatic leakage, several factors were selected using bivariate analysis and univariate logistic regression analysis. The final model was developed using multivariable logistic regression analysis in the model construction data set. Results: Overall, 41 of 100 patients had pancreatic leakage by the International Study Group on Pancreatic Fistula (ISGPF) criteria. Soft pancreatic parenchyma, small pancreatic duct diameter (≤3 mm), and combined resection of SMV and portal vein were independently predictive of pancreatic leakage. The risk score (R) for individual patients can be calculated by combining the 3 prognostic values with the regression test: R= 0.5986+(0.5533×pancreatic parenchyma)+(0.5448×pancreatic duct diameter)+(0.8453×combined resection). The overall predictive accuracy of the model, as measured by the receiver operating characteristic (ROC) curve, was 0. 
INTRODUCTION
With recent advances in pancreatic surgery, pancreaticoduodenectomy (PD) in high-volume centers has become increasingly safe. [1] [2] [3] [4] However, the morbidity rate remains high, with complication rates remaining around 40%. [1] [2] [3] [4] In PD, pancreatic leakage is still one of the leading postoperative complications, often resulting in prolonged hospital stay and operative mortality.
In previous reports, some factors predictive of pancreatic leakage after PD, such as old age, anastomotic techniques, small pancreatic duct, and soft pancreatic texture, have been reported. [5] [6] [7] [8] [9] [10] However, no model has been developed to accurately predict pancreatic leakage after PD.
An accurate prediction model for pancreatic leakage after PD can be helpful for pancreatic surgeons. Using the statistical methods that have been successful in predicting axillary node metastasis, 11, 12 we developed a method for predicting pancreatic leakage after PD. We chose the most objective definition of pancreatic leakage as defined by the International Study Group on Pancreatic Fistula (ISGPF). 13 The aim of this study was to provide a new model that is simple and useful and has a high accuracy for predicting pancreatic leakage after PD. 
METHODS

Patients
Operative procedure and perioperative management
In pylorus-preserving pancreaticoduodenectomy (PPPD),
we removed the gallbladder, distal common bile duct, head of the pancreas, duodenum (except for the first portion), and 10-15 cm of the proximal jejunum. The proximal duodenum was carefully preserved 2-4 cm distal to the pylorus ring. The right gastric artery was divided along with the pyloric branch of the vagus nerve. Conventional PD was performed in the usual manner. All patients underwent dissection of the lymph nodes in the hepatoduodenal ligament, common hepatic artery, and celiac axis.
As a first step in reconstruction, the proximal jejunum was brought through the transverse mesocolon by the ret- As a policy of our department, all patients received antacid drugs for stress ulcer prophylaxis, and octreotide (Sandostatin Ⓡ 150 μg) was subcutaneously administered postoperatively for 7 days.
Assessment of pancreatic consistency
In all cases, the pancreatic duct diameter was measured after pancreatic transection by the operator. 
Classification of pancreatic fistula
A pancreatic fistula is defined by the output via an operative drain of drain fluid of any measurable volume on or after postoperative day 3, with an amylase content greater than 3 times the upper normal serum level (＞300 IU/L) according to the ISGPF definition. 13 All patients below this threshold were considered to have no fistula.
Study model construction
For model construction and validation, using 100 trials, the patients were randomly divided into 2 independent sets.
The model set consisted of 100 patients. To predict occurrence of pancreatic leakage, several factors were selected using bivariate analysis and univariate logistic regression analysis; all measures of statistical significance were based on 0.05. The final model was developed using multivariable logistic regression analysis, and the calibration was assessed using the Akaika Information Criterion and c-statistics. Occurrence of pancreatic leakage was recorded as events and no leakage was recorded as non-events.
Study model validation
An independent validation set was used to validate the statistical model to predict pancreatic leakage. They in- 
RESULTS
Patient characteristics for modeling
A total of 100 patients who underwent PD or PPPD were selected for this study. The average age of patients was 61.1±11.5 years and consisted of 57 men and 43 women. Of the 100 patients, 31 underwent PD and 69 underwent PPPD. Pathologic diagnosis was pancreatic carcinoma in 31 patients, chronic pancreatitis in 2 patients, bile duct cancer in 38, ampulla of Vater cancer in 24, ampulla of Vater adenoma in 2 patients and duodenal carcinoma in 3. There were no the overall in-hospital mortality.
Pancreatic leakage
The average pancreatic duct diameter was 3.6±2.1 mm, 41 patients had normal pancreatic ducts (≤3 mm), and 59 had dilated pancreatic ducts (>3 mm). There were 24 patients (24%) with soft pancreatic texture and 76 patients (76%) with hard pancreatic texture.
Overall, 41 of 100 patients had pancreatic leakage by the ISGPF criteria 13 for an overall incidence of 41%. 22 patients were grade A (22.0%), 18 were grade B (18.0%) and 2 were grade C (2.0%).
Pre-and intraoperative risk factors for pancreatic leakage were compared between patients with and without pancreatic leakage. The incidence of pancreatic leakage was significantly higher in the group with soft pancreatic parenchyma, small pancreatic duct diameter (≤3 mm), combined resection of the SMV and portal vein, and cancer of non pancreatic origin (bile duct, ampulla of Vater, duodenal) ( Table 1 ). The candidate predictor variables were assessed using each univariate logistic analysis. In the multivariate analysis, soft pancreatic parenchyma, small pancreatic duct diameter (≤3 mm), pathology of non-pancreatic origin and combined resection of the SMV and portal vein were identified as independent factors for pancreatic leakage after PD (Table 2) .
Predicting model construction
Soft pancreatic parenchyma increased the risk of pancreatic leakage by 3.02 times, small pancreatic duct diam- 
Study model validation
To validate the model, we plotted the probabilities predicted by the observed proportions in 29 patients who underwent PD. C-statistics can be regarded as an extension of the AUC. The AUC for prediction of pancreatic leakage by the model was 0.714 (95% CI 0.517 to 0.865) (Fig. 1) .
DISCUSSION
After PD, pancreatic leakage may occur in 5%-30% of patients. This wide range of occurrence in different studies could be partially explained by differences in the definition of pancreatic leakage. 13 The ISGPF definition of pancreatic leakage is very strict and objective criteria, which is why we chose it for this study.
Pancreatic leakage is a leading postoperative complication of PD, often resulting in prolonged hospital stay and operative mortality. Thus, it is important to be able to predict which patients are more likely to develop pancreatic leakage after PD. In previous reports, some factors predictive of pancreatic leakage after PD, including old age, anastomotic techniques, small pancreatic duct, and soft pancreatic texture, have been reported. [5] [6] [7] [8] [9] [10] We have shown that pancreatic duct size, texture of the remnant pancreatic parenchyma, and combined resection of the SMV were significantly associated with the risk of pancreatic leakage in the multivariate analysis. Although these predictive factors have been recognized, we think that they may not be independently but interdependently related to pancreatic leakage after PD.
In this study, we developed methods for predicting pan- Nonetheless, the advantage of this model is that it is based on multivariable analysis, and is objective and the variables of pancreatic duct diameter, texture of pancreatic parenchyma, and combined resection of the SMV and portal vein are easily available. Before the model can be widely accepted, it will need to be validated by other investigators in independent groups of patients undergoing PD.
Although continued refinement and improvement of the model is needed, the present model may be useful for pancreatic surgeons in the prediction of pancreatic leakage after PD. We hope that other institutions will use our model using their databases, which will likely contain different patient characteristics, to validate its accuracy and to refine its ability.
